VALVE-DRIVING SYSTEM OF INTERNAL COMBUSTION ENGINE 

BACGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a valve-driving system 
for driving an intake valve or an exhaust valve of an internal 
combustion engine. 

Description of the Related art 

An intake valve or an exhaust valve of a conventional 
internal combustion engine is opened and closed by power taken 
out from a crank shaft of an internal combustion engine. In 
recent years, however, an attempt has been made to drive the 
intake valve or the exhaust valve by means of an electric motor. 
For example, Japanese Patent Application Laid-open No . 8-177536 
discloses a valve-driving apparatus which drives a cam shaft 
by a motor to open and close the intake valve for driving an 
EGR valve, and there is also known a valve-driving apparatus 
which converts rotation of a motor into a straight opening and 
closing motion of the valve utilizing a screw mechanism provided 
on a valve stem (see JP-A No. 10-73178) . 

Since the apparatus which converts rotation of a motor 
into opening and closing motion of a valve by means of the screw 
mechanism is such that a necessary amount of rotation of the 
motor is great, thus being inefficient, it is not suitable as 
a driving apparatus of an intake valve or an exhaust valve which 
requires to operate the valve at high speed and periodically. 
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On the other hand, when the cam shaft is rotated by a motor , * 
it is possible to drive the intake valve or the exhaust valve 
efficiently. In a multi-cylinder internal combustion engine 
which is generally used as a power source of a vehicle, a cam 
shaft is commonly used between a plurality of cylinders arranged 
in a single line. If the commonly used cam shaft is only driven 
by the motor, the variation of motion of the cam shaft affects 
operation characteristics of all of the intake valves and exhaust 
valves which are driven by the cam shaft . Therefore , flexibility 
of operation characteristics which are obtained by controlling 
the motor is not so high. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
valve-driving system of an internal combustion engine capable 
of efficiently opening and closing an intake valve or an exhaust 
valve of an internal combustion engine with a plurality of 
cylinders, and capable of enhancing the flexibility concerning 
the operation characteristics of each valve as compared with 
the conventional technique. 

To achieve the object, the present invention provides a 
valve-driving system which is applied to an internal combustion 
engine having a plurality of cylinders for driving an intake 
or exhaust valve provided in each cylinder, comprising a plurality 
of valve-driving apparatuses, each of which is provided for at 
least each one of the intake valve and the exhaust valve, wherein 
each valve-driving apparatus comprises : an electrical motor as 
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a driving source for generating rotation motion; and a power 
transmission mechanism for converting the rotation motion of 
the electric motor into opening and closing motion of the valve 
to be driven and for transmitting the opening and closing motion 
to the valve through a cam or a link. 

According to this invention, the intake valves or the 
exhaust valves of the cylinders can independently be opened and 
closed by the valve-driving apparatuses. Therefore, the 
flexibility of operation characteristics of valves of each 
cylinder is enhanced. Since the rotation motion of the motor 
is converted into the opening and closing motion of the intake 
valve or exhaust valve utilizing the cam or link, a rate of momentum 
of the valve to the rotation amount of motor can be increased 
as compared with a case in which a screw mechanism is utilized. 
That is, in the case of the screw mechanism, the valve can not 
be opened and closed sufficiently without rotating the screw 
several times at least, but if the cam or link is utilized, since 
one period of momentum is completed by one rotation of the motor, 
it is possible to open and close the intake valve or exhaust 
valve by a predetermined amount only by rotating the motor one 
time at the most. Thus, it is possible to efficiently drive 
the intake valve or exhaust valve. 

In the valve-driving system of the invention, each cylinder 
may be independently provided with the valve-driving apparatus . 
If each cylinder is independently provided with the valve-driving 
apparatus in this manner, it is possible to independently and 
freely set the operation characteristics of the intake valve 
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or exhaust valve of each cylinder without being influenced by 
other intake valve or exhaust valve of other cylinder. Thus, 
the intake valve or exhaust valve can be provided with optimal 
operation characteristics for each cylinder. Further, if the 
intake valve and exhaust valve of each cylinder are independently 
provided with valve-driving apparatuses, it is possible to 
independently set the operation characteristics of the intake 
valve and exhaust valve of each cylinder, thus the intake valve 
and exhaust valve can be provided with optimal operation 
characteristics , respectively . 

In the valve-driving system of the invention , the plurality 
of valve-driving apparatuses may drive intake valves or exhaust 
valves of different cylinders, and a case in which one or more, 
or all of the valve-driving apparatuses drive intake valves or 
exhaust valves of two or more cylinders is also included in the 
scope of the present invention. In cylinders in which time 
periods during which the intake valves are opened or exhaust 
valves are opened are not overlapped, even if the intake valves 
or exhaust valves of these cylinders are driven by a common 
electric motor , the operation characteristics of the intake valve 
or exhaust valve of each cylinder can be changed without being 
influenced by operation of the intake valve or exhaust valve 
driven by the commonly used electric motor. 

When the power transmission mechanism converts the 
rotation motion of the electric motor into the opening and closing 
motion utilizing the cam, the valve-driving system of the 
invention can include the following modes. 
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The valve-driving apparatus may further comprise a 
valve-characteristics adjusting mechanism which changes a 
correlation of a phase of the cam and at least one of a lift 
amount and an operation angle of the valve. In this case, the 
operation characteristics of the valve can be changed more 
flexibly by cooperation between the control of the motor and 
the adjustment of the lift amount or operation angle by the 
valve-characteristics adj usting mechanism . For example, if the 
lift amount and the operation angle are changed by the 
valve-characteristics adjusting mechanism, and then the driving 
speed of the cam by the electric motor is controlled such that 
the change of the operation angle is cancelled, only the change 
of the lift amount can be realized. 

The valve-driving apparatus may further comprise a torque 
fluctuation suppressing mechanism which suppresses fluctuation 
in torque which is applied to the cam from the valve. Generally, 
the cam receives a torque by a reaction force of a valve spring 
which biases the intake valve or exhaust valve in its closing 
direction, and the magnitude and direction of the torque are 
varied in accordance with phase of the cam. When the cams of 
many cylinders are driven by the common cam shaft as in the 
conventional technique, since the phases of the cams of the 
cylinders are deviated in the circumferential direction , a torque 
acting on any of cylinders through the cam is cancelled by a 
torque of other cylinder through the cam, and the fluctuation 
in torque acting on the cam shaft is suppressed. Whereas, in 
the case of a structure in which the valve-driving apparatus 
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independently drives the intake valves or exhaust valves of 
different cylinders, since the rotation shaft of the cam is also 
divided for the valve-driving apparatuses, cancelling effect 
of torque between the plurality of cams having different 
directions cannot be expected. In such a case, if the torque 
fluctuation suppressing mechanism is provided for each of the 
valve-driving apparatuses, the fluctuation in torque applied 
to the cam can be suppressed in each valve-driving apparatus, 
and the output required for the electric motor of each 
valve-driving apparatus can be reduced. 

The torque fluctuation suppressing mechanism may apply 
a reaction torque to a rotation member provided in a motion 
transmitting path extending from the electric motor to the cam, 
so that the reaction torque may cancel the fluctuation of a torque 
which is applied to the cam. If the reaction torque is applied, 
the variation of torque applied from the cam can be suppressed. 

The torque fluctuation suppressing mechanism may include 
a cam surface provided on an outer periphery of the rotation 
member, a lifter opposed to the cam surface, and a spring device 
which biases the lifter against the cam surface , wherein a contour 
of the cam surface of the rotation member may be set such that 
a contact position between the lifter and the cam surface is 
most retracted toward a center of the rotation member in its 
radial direction at a position where a lift amount of the valve 
by the cam becomes maximum. 

A torque applied from the valve spring of the intake valve 
or exhaust valve to the cam acts in a direction for returning 
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the cam during a process in which the valve is to be opened by 
the cam, the torque is once lost at a position where the lift 
amount of the valve becomes maximum, i.e., a position where a 
nose section of the cam comes into contact with a following member 
(rocker arm or its valve) , and the torque acts in a direction 
in which the cam advances during a process in which the cam advances 
from that position and the valve is to be closed. Whereas, the 
cam surface of the rotation member and the lifter are associated 
such that the contact position between the cam surface and the 
lifter is most retracted toward the center in the radial direction 
at a position where the lift amount becomes maximum. Therefore, 
a torque applied from the spring device to the rotation member 
through the lifter acts in a direction for advancing the cam 
during a process in which the valve is to be opened, and acts 
in a direction for returning the cam in the direction for closing 
the valve. Thus, the torque applied to the rotation member 
through the lifter acts as a reaction torque in a direction for 
cancelling the torque applied to the cam. The variation in torque 
applied from the valve becomes small at the time of high speed 
rotation of the cam. On the other hand, a force for pushing 
out the lifter by the rotation member in the radially outward 
direction becomes greater as the rotation speed of the rotation 
member is increased , and a force of the lifter pushing the rotation 
member becomes smaller as the rotation speed is increased . Thus , 
the reaction torque applied to the rotation member at the time 
of high speed rotation is also reduced. With this, excessive 
torque load from the lifter to the rotation member is prevented 
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from applying . Since the force of the lifter pushing the rotation 
member is reduced and thus a friction force acting between the 
rotation member and the lifter is reduced, it is possible to 
suppress the friction loss at the time of high speed rotation 
and to prevent high fuel consumption. 

The rotation shaft of the cam may be provided with a shaft 
supporting section which rotatably fits to a cam supporting 
bearing, and a factor which affects a friction resistance 
generated in a contact range between the shaft supporting section 
and the bearing may be set unevenly with respect to a 
circumferential direction of the rotation shaft of the cam, so 
that the shaft supporting section and the bearing function as 
the torque fluctuation suppressing mechanism. If the friction 
resistance acting between the rotation shaft of the cam and the 
cam supporting bearing is set unevenly with respect to the 
circumferential direction in this manner, it is possible to 
suppress the variation of torque required for driving the rotation 
shaft of the cam by the electric motor by reducing the friction 
resistance in a portion where the torque applied to the cam becomes 
great and by increasing the friction resistance at a portion 
where the torque applied to the cam becomes small. 

Various factors, affect the friction resistance, but a 
typical example of the factor is a width of the contact range. 
That is, if the width of the contact range with respect to the 
axial direction of the rotation shaft of the cam is set unevenly, 
it is possible to unevenly set the factor which affects the 
friction resistance. If the width of the contact range is 
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increased, the friction resistance is increased, and if the width 
of the contact range is decreased, the friction resistance is 
reduced. In addition to this, it is possible to adjust the 
friction resistance by various means such as by changing friction 
coefficient in the contact range of the shaft supporting section . 

A portion of the friction resistance which is increased 
is located on opposite side from a nose section of the cam with 
a rotation center of the rotation shaft of the cam interposed 
therebetween. When the nose section passes through the contact 
position between the cam and the cam follower, a torque applied 
to the cam is once lost. In other words, the torque applied 
to the cam is once lost at a position where the lift amount of 
the valve by the cam becomes maximum. Thus, the torque applied 
to the cam is relatively largely varied in the vicinity of the 
position where the maximum lift amount is given. On the other 
hand, in the vicinity of the position where the nose section 
of the cam comes into contact with the cam follower, the rotation 
shaft of the cam is pushed against the nose section of the cam 
with the rotation center interposed therebetween by a reaction 
force applied to the nose section from the valve. Therefore, 
if a portion where the friction resistance becomes great is 
provided on the opposite side from the nose section of the cam, 
the portion in which the friction resistance of the rotation 
shaft of the cam becomes great comes into contact with the bearing 
in the vicinity of the position where the lift amount of the 
valve becomes maximum, and friction resistance acting on the 
rotation shaft of the cam increases. The fluctuation in torque 
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applied to the cam by the increase of the friction resistance 
is suppressed . 

The rotation shaft of the cam may be provided with a balance 
adjusting device which cancels an unbalance of rotation mass 
concerning a rotation center of the rotation shaft provided by 
the cam. A general cam has such a shape that a portion of a 
base circle which is coaxial with the rotation shaft swells to 
form a nose section. A balance of rotation mass with respect 
to the rotation center of the rotation shaft of the cam is disturbed 
by the nose section of the cam. However, in the case of a cam 
shaft which is commonly used between many cylinders, since the 
cams of the cylinders are oriented in different directions, the 
unbalance of the rotation of masses of the cams are cancelled, 
and the rotation masses of the cam shafts are well balanced around 
the rotation center on the whole . Whereas , in the valve-driving 
system of the present invention, since the rotation shaft of 
the cam is divided, cancelling effect of the unbalance of the 
rotation of masses between the plurality of cams having different 
directions cannot be expected. In such a case, if the balance 
adjusting device is provided in each valve-driving apparatus, 
it is possible to improve the balance of the rotation mass 
concerning the rotation center for each rotation shaft of the 
cam, and to reduce the output required for the electric motor. 
The unbalance of the rotation mass provided by the cam means 
an unbalance of rotation mass generated as the mass is deviated 
toward the nose section of the cam. The "cancellation" of the 
unbalance includes a conception of reduction of the unbalance 
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of the rotation mass provided by the cam and a conception of 
completely deleting the unbalance. 

The rotation shaft of the cam may be provided, as the balance 
adjusting device, with a deleting section which reduces the mass 
of the rotation shaft at a position closer to the nose section 
of the cam than the rotation center. If a weight is further 
added to the rotation shaft of the cam for cancelling the unbalance 
of the rotation mass, even if the rotation masses are balanced, 
the moment of inertia of the rotation shaft of the cam is increased 
and as a result, a torque required for the electric motor is 
increased. Whereas, if the deleting section is provided, it 
is possible to reduce or cancel the unbalance of the rotation 
mass without increasing the moment of inertia. Here, the 
"deleting section" can be constituted as a hole, a groove, a 
recess, a notch or the like. 

A hole which is deviated closer to the nose section than 
the rotation center of the rotation shaft of the cam may be formed 
as the deleting section, and the hole is utilized as an oil-supply 
hole to the cam. With this, the oil-supply hole can be utilized 
as the balance adjusting device. 

The contour of the cammay appropriately be set in accordance 
with required operation characteristics of the cam. In the 
valve-driving system of the invention, since various operation 
characteristics can be obtainedby controlling the electric motor 
of each valve-driving apparatus, it is preferable that entire 
periphery of a contour of the cam comprises a projecting curve 
surface. This is because that if a portion of the contour of 
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the cam is provided with a recessed curved surface, i.e., a 
negative curvature, it becomes necessary to use a grindstone 
having a small radius to polish such portion, and adaptability 
for mass production of the cams is to be deteriorated. 

The rotation shaft of the cam is provided with one of a 
permanent magnet and an electromagnetic coil, and the other one 
of the permanent magnet and the electromagnetic coil is provided 
around the rotation shaft, thus the rotation shaft of the cam 
may be utilized as a rotation shaft of the electric motor. In 
such a case , a gear train and the like for transmitting the rotation 
from the rotation shaft (output shaft) of the electric motor 
to the rotation shaft of the cam becomes unnecessary, and the 
height of the valve-driving apparatus can be suppressed. 

Next, when the power transmission mechanism converts the 
rotation motion of the electric motor into the opening and closing 
motion utilizing a link , the valve-driving system of the invention 
can further include the following modes. 

The power transmission mechanism may include a rotation 
member which is rotated by the electric motor, and a link section 
which is rotatably connected to the rotation member at a position 
deviated from the rotation center of the rotation member, and 
which is also turnably connected to the valve. In this case, 
the rotation motion of the rotation member can be converted into 
the straight opening and closing motion of the valve by the link 
section . When the electric motor is alternately rotated normally 
and reversely within a range of less than one rotation, the lift 
amount of the valve can be changed by increasing or reducing 
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the normal or reverse rotation angle. 

The link section may include a first link which is rotatably 
connected to the rotation member, and a second link which is 
slidably connected to the first link within a predetermined 
limited range and which is turnably connected to the valve. In 
this case, in a process in which a connection point between the 
rotation member and the first link rotates in a direction 
approaching the valve, the first and second links are integrally 
operated in a state in which they abut against each other (i.e. , 
in a state in which the entire length of the link section is 
the shortest) , and the rotation motion of the rotation member 
is converted into an operation for opening the valve. On the 
other hand , when the connection point between the rotation member 
and the first link is rotated in a direction being away from 
the valve , the valve is closed about halfway through the rotation , 
and if the connection point between the rotation member and the 
first link is further away from the valve , the second link extends 
with respect to the first link and the rotation member rotates 
while the valve is held closed. For this reason, a region called 
a dead zone where the valve is not operated even if the electric 
motor rotates is provided. By providing such a dead zone region, 
the slide speed in the connection point between the link and 
the rotation member is increased, the oil film formation at the 
sliding portions is facilitated, and the friction and wear are 
reduced. Therefore, a torque to be generated by the electric 
motor is reduced, and it becomes easy to control the speed of 
the electric motor. 
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The power transmission mechanism may include a rotation 
member which is rotated by the electric motor, a first link which 
is rotatably connected to the rotation member at a position 
deviated from the rotation center of the rotation member , a second 
link which is rotatably connected to the first link and the valve, 
and a position adjusting device which changes a position of 
connection point between the first link and the second link. 
In this case, the rotation motion of the rotation member is 
transmitted to the second link through the first link, and the 
second link swings around the connection point between the second 
link and the first link. This swinging motion of the second 
link is converted into the straight opening and closing motion 
and transmitted to the valve. By changing the position of the 
connection point between the first link and the second link, 
it is possible to change the distance between the connection 
point between the rotation member and the first link and the 
connection point between the second link and the valve, thereby 
changing the lift amount of the valve. 

The valve-driving system of the present invention can 
include the following modes irrespective of which one of the 
cam or the link the power transmission mechanism utilizes. 

That is, in the valve-driving system of the invention, 
the electric motor of any one of the plurality of valve-driving 
apparatuses is utilized as a driving source of an air pressure 
adjusting pump. In this case, since the electric motor of the 
valve-driving apparatus is utilized as a driving source for 
adjusting air pressure of a specific device, it is possible to 
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reduce the number of parts. 

The electric motor utilized as the driving source of the 
pump may be appropriately selected from the plurality of 
valve-driving apparatuses. In one preferable example, the 
electric motor which drives the valve of the cylinder which is 
disposed on the outermost side in the arrangement direction of 
the cylinders is utilized as the driving source of the air pressure 
adjusting pump. An outer space of that electric motor is an 
open space where another electric motor is not disposed. 
Therefore, it is relatively easy to dispose the pump and a 
mechanism for taking out the rotation motion to the pump as 
compared with an electric motor corresponding to another cylinder 
In an internal combustion engine in which combustion in one or 
some of cylinders is stopped at the time of deceleration to realize 
operation with reduced number of cylinders, it is preferable 
that an electric motor which drives an intake valve or exhaust 
valve of a cylinder whose number of cylinders is not reduced, 
(that is, whose combustion is not stopped) is utilized as the 
driving source of the pump. This is because that the pump is 
operated to obtain a desired air pressure even when the number 
of cylinders is reduced. 

The air pressure adjusting pump may be used for various 
purposes. In a preferred example, the pump is provided as a 
device which generates a negative pressure for a brake booster 
of a vehicle. In this case, an appropriate negative pressure 
can be applied to the brake booster by an electric motor which 
drives the intake valve or exhaust valve. Therefore, when 
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sufficient negative pressure cannot be obtained in an intake 
system of the internal combustion engine, for example, in the 
case of a cylinder direct in j ection type or lean fuel-air mixture 
combustion type internal combustion engine in which stratified 
charge is realized and an opening of the throttle valve is set 
to a large value, or in the internal combustion engine in which 
the intake air amount is increased by the opening area (the product 
of the lift amount and the operation angle) of the intake valve 
instead of the throttle valve, a practical value for driving 
a negative pressure generating pump by the electric motor which 
drives the intake valve or exhaust valve is great. 

When the internal combustion engine is started by utilizing 
the combustion energy, for example, when combustion is caused 
in a specific cylinder which is in an expansion stroke in a state 
in which the internal combustion engine is stopped, and the 
internal combustion engine is started utilizing the energy 
obtained by the combustion, the pump for charging air into the 
specific cylinder may be driven by the electric motor of the 
valve-driving apparatus of the present invention . In this case , 
air may be fed to the cylinder from the pump, or air fed by the 
pump may be once accumulated in a tank and when the engine is 
started, the air may be fed to the specific cylinder from the 
tank . Amember such as the brake booster which requires a negative 
pressure may be connected to an intake side of the pump, a 
discharging side of the pump may be connected to a tank to 
accumulate the pressure in the tank , and the accumulated pressure 
may be used for charging air into a specific cylinder when the 
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engine is started. In such a mode/ the pump functions as both 
a device which generates a negative pressure and a device which 
accumulates the air pressure. 

In the valve-driving system of the present invention, at 
least a portion of the electric motor may be exposed from an 
external upper surface of a head cover of the internal combustion 
engine. With such a structure, it is possible to bring the 
electric motor into contact with air outside the head cover and 
to facilitate the radiation of heat from the electric motor. 
It is possible to reduce the working temperature range of the 
electric motor to avoid the reduction of output at the high 
temperature, and thereby allowing an electric motor having a 
small rated output to be used. 

The head cover of the internal combustion engine covers 
a space in which mechanisms such as a cam or a link of the power 
transmission mechanism are accommodated, and functions as a cover 
which prevents lubricant oil supplied from these mechanisms from 
scattering. Therefore, members, having inferior adaptability 
to poor environment in which the temperature is high or oil 
scatters such as an electrical connector of the electric motor, 
should not be disposed in the head cover. If such members are 
exposed from the head cover, frequency for causing inconvenience 
in the electric motor is reduced due to the environment in which 
the electric motor is disposed and thus, the reliability of the 
valve-driving system of the present invention can be enhanced. 

In the valve-driving system of the invention, the electric 
motor is taken out from the head cover of the internal combustion 
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engine and is disposed on an upper surface of the head cover. 
With this structure, the electric motor is away from the interior 
of the head cover, and the electric motor can be protected, to 
the utmost, against high temperature and oil environment in the 
head cover . Further , heat radiation effect of the electric motor 
is also enhanced. 

When at least a portion of the electric motor is exposed 
from the head cover , the internal combustion engine may be mounted 
in the vehicle in a state that the arrangement direction of the 
plurality of cylinders coincides with the lateral direction of 
the vehicle, and that a cylinder head is located forward of a 
crank chamber. If the internal combustion engine is mounted 
in this manner , when the vehicle moves forward, air flowing around 
the internal combustion engine can be allowed to positively abut 
against the exposed portion of the electric motor outside the 
head cover, and the cooling efficiency of the electric motor 
can be enhanced. 

The valve-driving system of the invention may further 
comprise a cooling device which cools the electric motor. By 
actively cooling the electric motor, the increase in the working 
temperature range which reduces the output of the electric motor 
is avoided, and sufficient output for driving the intake valve 
or exhaust valve can be generated even by a smaller electric 
motor . 

Various cooling devices may be used. In one example of 
the cooling device, a cooling water passage is provided around 
the electric motor, and the cooling water passage is included 
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in a portion of a circulation path of cooling water in the internal 
combustion engine. According to such a cooling device, since 
the electric motor can forcibly be cooled utilizing the cooling 
water of the internal combustion engine, the electric motor can 
be cooled efficiently as compared with heat exchange using 
surrounding air. Especially, when the cooling water passage 
around the electric motor is disposed between the cooling water 
outlet of a radiator for heat radiation and the cooling water 
inlet of the internal combustion engine, the cooling water in 
the lowest temperature region before heat exchange between the 
internal combustion engine and the cooling water is carried out 
is introduced into surrounding of the electricmotor . Therefore , 
the cooling effect of the electric motor by the cooling water 
can be enhanced to the utmost. 

A fan may be provided, as the cooling device , on the rotation 
shaft of the electric motor . In this case , air flow is generated 
around the electric motor utilizing the output of the electric 
motor itself, and the cooling efficiency of the electric motor 
can be enhanced. 

Further, when at least a portion of the electric motor 
is exposed from the head cover, it is possible to employ such 
a structure that a connector of the electric motor is exposed 
from an upper portion of the head cover of the internal combustion 
engine, the valve-driving system further comprises a wiring 
member having a common substrate on which individual terminals, 
an aggregation terminal and an electric wiring are formed, in 
which each individual terminal is to be connected to each connector , 
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the aggregation terminal is to be connected to a predetermined 
motor control circuit, the electric wiring connects these 
terminals, and the wiring member is provided on the head cover 
such as to electrically connect each individual terminal and 
the connector. With this structure, electric wiring can be set 
in the connector of each electric motor from the aggregation 
terminal only by mounting the wiring member on the head cover 
in a manner as described above. Since the wiring member is also 
exposed from the upper portion of the head cover, the wiring 
path to each electric motor is not exposed to the high temperature 
in the head cover, heat loss of current is prevented and the 
actual output of the electric motor is enhanced. 

The preferred modes utilizing the cam can be interpreted 
as preferred modes of the invention corresponding to an 
valve-driving apparatus of an internal combustion engine for 
driving an intake or exhaust valve thereof , and the valve-driving 
apparatus may comprise an electric motor as a driving source 
for generating rotation motion, and a power transmission 
mechanism which converts the rotation motion of the electric 
motor into the opening and closing motion of the valve to be 
driven through the cam. Further, preferred modes utilizing the 
link may be interpreted as preferred modes of the invention 
corresponding to a valve-driving apparatus of an internal 
combustion engine for driving an intake or exhaust valve thereof , 
and the valve-driving apparatus may comprise an electric motor 
as a driving source for generating rotation motion, and a power 
transmission mechanism which converts the rotation motion of 
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the electric motor into opening and closing motion of the valve 
to be driven through the cam. The invention concerning these 
valve-driving apparatuses may be provided with the above 
described technical features of the air pressure adj usting pump , 
the arrangement of the motor with respect to the head cover, 
the mounting orientation of the engine to the vehicle, and the 
cooling device for the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an essential portion 
of a valve-driving system according to a first embodiment of 
the present invention. 

FIG. 2 is a perspective view showing a structure of a 
valve-driving apparatus which is correspondingly provided in 
one cylinder. 

FIG . 3 is a perspective view of the valve-driving apparatus 
as viewed from another direction. 

FIG . 4 is a perspective view of the valve-driving apparatus 
as viewed from further another direction. 

FIG. 5 is a perspective view of a valve-characteristics 
adjusting mechanism. 

FIG. 6 is a partially cut-away perspective view of the 
valve-characteristics adjusting mechanism. 

FIG. 7 is a Table showing operation characteristics of 
a valve which can be realized by the valve-driving apparatus 
shown in FIG . 2 . 

FIG. 8 is a perspective view of a torgue fluctuation 
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suppressing mechanism provided in the valve-driving apparatus 
shown in FIG. 2. 

FIG. 9 shows a motion transmitting path extending from 
an electric motor to a valve in the valve-driving apparatus shown 
in FIG. 2. 

FIG. 10 shows a relation between a torque applied by a 
valve spring and a torque applied by the torque fluctuation 
suppressing mechanism. 

FIG. 11 is a perspective view showing a negative pressure 
generating apparatus mounted on the valve-driving apparatus . 

FIG. 12 shows a structure of the negative pressure 
generating apparatus . 

FIG . 13 shows a state in which an internal combustion engine 
provided with the valve-driving system of this invention is 
mounted in an engine room of a vehicle. 

FIG. 14 shows a structure of the electric motor disposed 
on an external upper surface of a head cover. 

FIG. 15 shows the structure shown in FIG. 14 viewed from 
a side of the head cover. 

FIG. 16 shows a structure for introducing cooling water 
into the electric motor. 

FIG. 17 is a sectional view taken along the line XVII- 
XVII in FIG. 16. 

FIGS. 18A and 18B show the valve-driving apparatus which 
opens and closes a valve utilizing a link, where FIG. 18A is 
a side view and FIG. 18B is a front view. 

FIGS. 19A, 19B and 19C show operation of the valve-driving 
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apparatus shown in FIGS. 18A and 18B. 

FIGS. 20A, 20B and 2 OC show another valve-driving apparatus 
which opens and closes a valve utilizing a link, where FIG. 20A 
is a side view, FIG. 20B is a front view and FIG. 20C shows a 
state in which a lift amount is changed. 

FIG. 21 shows a valve-driving apparatus which uses a cam 
shaft also as a rotation shaft of an electric motor. 

FIG. 22 is a sectional view taken along the line XXII-XXII 
in FIG. 21 . 

FIG. 23 shows an embodiment in which an electromagnetic 
coil and a permanent magnet shown in FIG. 21 are interchanged. 
Preferred Embodiments 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[First Embodiment] 

FIG. 1 shows an internal combustion engine 1 in which a 
valve-driving system according to the first embodiment of the 
present invention is incorporated. The internal combustion 
engine 1 is a multi-cylinder in-line gasoline engine. In the 
engine , a plurality of (four in FIG. 1) cylinders 2 ... 2 are arranged 
in one direction, and pistons 3 are mounted in the respective 
cylinders 2 such that the pistons 3 can move vertically. Two 
intake valves 4 and two exhaust valves 5 are provided above each 
cylinder 2 . These intake valves 4 and exhaust valves 5 are opened 
and closed by a valve-driving system 10 in association with 
vertical motion of the piston 3 , thereby drawing air into the 
cylinder 2 and exhausting air from the cylinder 2 . 

The valve-driving system 10 includes valve-driving 
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apparatuses 11A ... 11A provided on an intake-side of each cylinder 
2 one each, and valve-driving apparatuses 11B ... 11B provided 
on an exhaust-side of each cylinder 2 one each . The valve-driving 
apparatuses 11A and 11B drive the intake valve 4 or the exhaust 
valve 5 utilizing a cam. The valve-driving apparatuses 11A ... 
11A have the same structures and the valve-driving apparatuses 
11B ... 11B also have the same structures. FIG. 2 shows intake 
and exhaust valve-driving apparatuses 11A and 11B which are 
correspondingly provided in each cylinder 2 . Since the 
valve-driving apparatuses 11A and 11B have similar structures, 
the intake-side valve-driving apparatus 11A will first be 
explained. 

The intake-side valve-driving apparatus 11A includes an 
electric motor (which is called motor hereinafter in some cases) 
12 as a driving source, and a power transmission mechanism 13 
which converts rotation motion of the motor 12 into a straight 
opening and closing motion of the intake valve 4 . A DC brushless 
motor or the like which can control the rotation speed is used 
as the motor 12 . A position detecting sensor such as a resolver , 
a rotary encoder or the like for detecting a rotation position 
of the motor 12 is incorporated in the motor 12. 

The power transmission mechanism 13 includes a single cam 
shaft 14A, a gear train 15 which transmits rotation motion of 
the motor 12 to the cam shaft 14A, a rocker arm 16 which drives 
the intake valve 4, and a valve-characteristics adjusting 
mechanism 17 interposed between the cam shaft 14A and the rocker 
arm 16. The cam shaft 14A is independently provided for each 
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cylinder 2. That is, the cam shaft 14A is branched off for each 
cylinder 2 . The gear train 15 transmits , through an intermediate 
gear 19, the rotation of the motor gear 18 mounted to an output 
shaft (not shown) of the motor 12 to a cam-driving gear 20 which 
is integrated with the cam shaft 14A, thereby rotating the cam 
shaft 14A in synchronization with the motor 12. 

As shown in FIGS . 3 and 4 also , the cam shaft 14A is rotatably 
provided with a single cam 21A. The cam 21A is formed as one 
kind of a plate cam in which a portion of a base circle which 
is coaxial with the cam shaft 14A swells. The profiles (contour 
of outer periphery) of the cams 21A between all of the 
valve-driving apparatuses 11A are the same. The profile of the 
cam 21A is set such that a negative curvature is not generated 
along the entire periphery of the cam 21A, i.e. , such that the 
profile draws a projecting curved surface radially outward. 

The rocker arm 16 can swing around a spindle 22 . The intake 
valve 4 is biased toward the rocker arm 16 by the valve spring 
23, which brings the intake valve 4 into intimate contact with 
a valve seat (not shown) of an intake port to close the intake 
port. The other end of the rocker arm 16 is in contact with 
an adjuster 24. If the adjuster 24 pushes up the other end of 
the rocker arm 1 6 , the one end of the rocker arm 1 6 is held contacted 
with an upper end of the intake valve 4 . 

The valve-characteristics adjusting mechanism 17 
functions as an intermediacy device which transmits the rotation 
motion of the cam 21A as swinging motion to the rocker arm 16, 
and also functions as a lift amount and operation angle changing 
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device which changes the lift amount and the operation angle 
of the intake valve 4 by changing a correlation between the 
rotation motion of the cam 21A and the swinging motion of the 
rocker arm 16. 

As shown in FIG. 5, the valve-characteristics adjusting 
mechanism 17 includes a supporting shaft 30, an operation shaft 
31 which passes through a center of the supporting shaft 30, 
a first ring 32 disposed on the supporting shaft 30, and two 
second rings 33 and 33 disposed on opposite sides of the first 
ring 32. The supporting shaft 30 is fixed to a cylinder head 
or the like of the internal combustion engine 1 . The operation 
shaft 31 is reciprocated in an axial direction (in directions 
R and F in FIG. 6) of the supporting shaft 30 by an actuator 
(not shown) . The first ring 32 and second rings 33 are supported 
such that they can swing around the supporting shaft 30 and slide 
in the axial direction thereof . A roller follower 34 is rotatably 
mounted on an outer periphery of the first ring 32, and noses 
35 are respectively formed on outer peripheries of the second 
rings 33. 

As shown in FIG. 6, the supporting shaft 30 is provided 
at its outer periphery with a slider 36. The slider 36 includes 
an elongated hole 36c extending in its circumferential direction . 
If a pin 37 mounted to the operation shaft 31 engages in the 
elongated hole 36c , the slider 36 can slide in the axial direction 
integrally with the operation shaft 31 with respect to the 
supporting shaft 30. The supporting shaft 30 is formed with 
an elongated hole (not shown) in the axial direction. The 
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elongated holes permit the pin 37 to move in the axial direction. 
The slider 36 is integrally provided, at its outer periphery, 
with a first helical spline 36a and second helical splines 36b 
and 36b disposed such as to sandwich the first helical spline 
36a. A twisting direction of the second helical spline 36b is 
opposite from that of the first helical spline 36a. The first 
ring 32 is formed, at its inner periphery, with a helical spline 
32a which meshes with the first helical spline 36a. The second 
ring 33 is formed, at its inner periphery, with a helical spline 
33a which meshes with the second helical spline 36b. 

As shown in FIG. 4, the valve-characteristics adjusting 
mechanism 17 is added to the internal combustion engine 1 in 
such a manner that the roller follower 34 thereof is opposed 
to the cam 21A while the noses 35 are opposed to ends of the 
rocker arms 16 corresponding to the respective intake valves 
4. If the roller follower 34 comes into contact with the nose 
section 21a and is pushed down as the cam 21A rotates, the first 
ring 32 supporting the roller follower 34 rotates on the supporting 
shaft 30, its rotation motion is transmitted to the second ring 
33 through the slider 36, and the second ring 33 rotates in the 
same direction as that of the first ring 32 . By the rotation 
of the second ring 32, the nose 35 pushes down one end of the 
rocker arm 16, the intake valve 4 is downwardly displaced against 
the valve spring 23 to open the intake port. If the nose section 
21a gets over the roller follower 34 , the intake valve 4 is pushed 
upward by a force of the valve spring 23 to close the intake 
port. In this manner, the rotation motion of the cam shaft 14A 
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is converted into the opening and closing motion of the intake 
valve 4. 

In the valve-characteristics adjusting mechanism 17, if 
the operation shaft 31 is displaced in the axial direction and 
the slider 36 is allowed to slide with respect to the supporting 
shaft 30 as shown in FIG. 6 with the arrows R and F, the first 
ring 32 and the second rings 33 are rotated in the opposite 
direction in the circumferential direction. When the slider 
36 is moved in the direction of the arrow F, the first ring 32 
is rotated in the direction of arrow P and the second rings 33 
are rotated in the direction of arrow Q, and a distance between 
the roller follower 34 and the nose 35 in the circumferential 
direction is increased. On the other hand, if the slider 36 
is moved in the direction of arrow R, the first ring 32 is rotated 
in the direction of arrow Q and the second rings 33 are rotated 
in the direction of arrow P, and the distance between the roller 
follower 34 and the nose 35 in the circumferential direction 
is reduced. As the distance between the roller follower 34 and 
the nose 35 is increased, the pushing-down amount of the rocker 
arm 16 by the nose 35 is increased. With this, the lift amount 
and the operation angle of the intake valve 4 are also increased. 
Therefore, as the operation shaft 31 is operated in the direction 
of arrow F shown in FIG. 6, the lift amount and the operation 
angle of the intake valve 4 are increased. 

According to the valve-driving apparatus 11A configured 
as described above, if the cam shaft 14A is continuously driven 
in one direction at half the speed (called basic speed her einaf ter ) 
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of rotation speed of the crank shaft of the internal combustion 
engine 1, the intake valve 4 can be opened and closed in 
synchronization with rotation of the crank shaft like a 
conventional mechanical valve-driving apparatus that drives the 
valve by the power from the crank shaft . Further , the lift amount 
and the operation angle of the intake valve 4 can be changed 
by the valve-characteristics adjusting mechanism 17. 

Further, according to the valve-driving apparatus 11A, 
by changing the rotation speed of the cam shaft 14A by the motor 
12 from the basic speed, it is possible to change the correlation 
between the phase of the crank shaft and the phase of the cam 
shaft 14A, and to variously change the operation characteristics 
of the intake valve 4. This point will be explained referring 
to FIG. 7. Solid lines and phantom lines of "lift shape" in 
the Table shown in FIG. 7 indicate different operation 
characteristics which are set by the valve-driving apparatus 
11A, respectively . A lateral axis of the lift shape indicates 
a crank angle, and a vertical axis indicates the lift amount. 

The change in phase shown in the item (1) of the Table 
of operation characteristics in FIG. 7 and the change of the 
operation angle and lift amount shown in the item (2) can be 
realized in a mechanical valve-driving apparatus . For example , 
by deviating the phases of the crank shaft and the cam shaft 
from each other, the change of the phase of the intake valve 
shown in the item (1) of the operation characteristics Table 
can be realized. The change in the item (2) of the operation 
characteristics Table can be realized if the 
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valve-characteristics adjusting mechanism 17 is utilized. If 
the cam shaft 14A is driven by the motor 12 , the phase of the 
cam shaft 14A is not restricted by the phase of the crank shaft. 
Therefore, if the rotation speed of the cam shaft 14A by the 
motor 12 is temporarily increased or reduced as compared with 
the basic speed, the change in the item (1) phase can easily 
be realized. If the motor 12 is stopped by the cam 21A in the 
halfway of opening of the intake valve 4 and then the motor 12 
is reversely rotated, the operation characteristics of the item 
(2) can be applied to the intake valve 4. 

In addition to the change of the operation characteristics , 
the valve-driving apparatus 11A can change the operation 
characteristics of the intake valve 4 as shown in the items (3) 
to (8) of the operation characteristics Table in FIG. 7. In 
the Table, the item (3) shows an example in which the operation 
angle is changed while maintaining the lift amount constant. 
This change of the operation characteristics is realized by 
driving the cam shaft 14A at higher speed than the basic speed 
(synchronization speed) while the intake valve 4 is opened. In 
the Table, the item (4) shows an example in which the lift amount 
is changed while maintaining the operation angle constant . This 
change is realized by changing the lift amount by the 
valve-characteristics adjusting mechanism 17 and by adjusting 
the rotation speed of the cam shaft 14A by the motor 12 such 
that the change of the operation angle caused by the change of 
the lift amount of the valve-characteristics adj usting mechanism 
17 is cancelled. 
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In the Table, the item (5) shows an example in which a 
lift speed of the intake valve 4 is changed. For example, if 
the operation characteristics when the cam shaft 14A is driven 
at half the speed of the crank shaft is as shown with the solid 
line, the operation characteristics shown with the phantom line 
are realized by controlling the driving speed of the cam shaft 
14A by the motor 12 in such a manner that the driving speed becomes 
faster than the basic speed during a course of opening and becomes 
slower than the basic speed during a course of closing . By giving 
such operation characteristics, it is possible to swiftly open 
the intake valve 4 to enhance the intake efficiency, and to reduce 
the speed when the intake valve 4 is closed, thereby moderating 
the impact at the time of sitting (when the intake valve 4 comes 
into contact with the valve seat) . 

The operation characteristics of the item (5) in the Table 
can, for example, be realized also by adjusting the profile of 
the cam 21A. However, if the maximum acceleration when the cam 
21A is opened is increased, the minimum curvature radius of the 
cam 21A becomes small or a portion of the cam 21A is provided 
with a negative curvature in some cases. If the negative 
curvature is increased (i.e. , if the curvature radius is reduced) , 
it becomes necessary to reduce a radius of a grindstone which 
polishes a surface of the outer periphery of the cam 21A. However , 
if the radius of the grindstone becomes smaller, the life of 
the grindstone becomes shorter, and the adaptability for mass 
production of the cams 21A is deteriorated. Hence, the entire 
periphery of the profile of the cam 21A comprises the projecting 
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curved surface as described above, and the opening speed of the 
intake valve 4 is increased by controlling the driving speed 
of the motor 12, thereby enhancing the intake efficiency while 
enhancing the adaptability for mass production of the cams 21A. 

In the Table, the item (6) shows an example in which the 
intake valve 4 is opened and closed twice within a time period 
during which the intake valve 4 is normally opened and closed 
once. This operation characteristics are realized by 
controlling the rotation speed of the cam shaft 14A by the motor 
12 to the same speed as the crank shaft. By giving such operation 
characteristics to the intake valve 4, the operation cycle of 
the internal combustion engine 1 can be switched between four 
cycles and two cycles . In the Table , the item ( 7 ) shows an example 
in which an internal EGR is realized by opening the intake valve 
4 at an early stage. However, the lift amount is maintained 
at a small value for a while after the opening operation of the 
intake valve 4 is started. Such operation characteristics are 
realized in such a manner that after the speed of the cam shaft 
14A is increased and the valve-opening timing of the intake valve 
4 is shifted ahead, the rotation speed of the cam shaft 14A is 
reduced to a very small value or the cam shaft 14A is once stopped 
to suppress the increase of the lift amount, and this state is 
continued for a predetermine time period and then, the cam shaft 
14A is increased in speed to increase the lift amount. In the 
Table, the item (8) shows an example in which the cam shaft 14A 
is stopped and the intake valve 4 is maintained in its closed 
state. The intake valve 4 can also be maintained in its opened 
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state . 

According to the valve-driving apparatus 11A, it is 
possible to give various operation characteristics to the intake 
valve 4 by combining the speed control of the motor 12, and the 
change of the lift amount and the operation angle by the 
valve-characteristics adjusting mechanism 17. Further, since 
the valve-driving apparatus 11A is independently provided for 
each cylinder 2 and the cam shaft 14A is also independent for 
each cylinder 2, it is possible to optimally set the operation 
characteristics of the intake valves 4 independently between 
the cylinders 2. With this, it is possible to enhance the 
flexibility of the operation characteristics of each intake valve 
4 as compared with the conventional technique. 

As shown in FIG. 2, in the valve-driving apparatus 11B 
of the exhaust valve 5, unlike the valve-driving apparatus 11A, 
the cam shaft 14B is provided with two cams 2 IB, the 
valve-characteristics adjusting mechanism 17 is omitted, and 
the two cams 2 IB directly drive the rocker arms 16, respectively. 
Other portions of the valve-driving apparatus 11B are the same 
as those of the valve-driving apparatus 11A, and explanation 
of the same portions is omitted. Like the cam 21A, the entire 
periphery of a profile of the cam 21B comprises a projecting 
curved surface. The operation characteristics of the exhaust 
valve 5 can variously be changed by variously changing the driving 
speed of the cam shaft 14B by the motor 12 of the valve-driving 
apparatus 11B. The valve-driving apparatus 11B is also 
independently provided for each cylinder 2, and the cam shaft 
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14B is also independent for each cylinder 2. Therefore, it is 
possible to optimally set the operation characteristics of the 
exhaust valve 5 independently for each cylinder 2. With this, 
it is possible to enhance the flexibility of the operation 
characteristics of each exhaust valve 5 as compared with the 
conventional technique . 

Although the valve-characteristics adjusting mechanism 
17 is omitted in the exhaust-side valve-driving apparatus 11B, 
the lift amount of the exhaust valve 5 can be changed by stopping 
the motor 12 while the cam 21B pushes the rocker arm 16 down 
and by reversely rotating the cam shaft 14B from the stop position . 
However, the maximum lift amount of this case is limited to the 
lift amount when the nose section 21b of the cam 21B (FIG. 2) 
gets over the rocker arm 16. The control of the lift amount 
by reversely rotating the motor 12 can be realized also in the 
intake-side valve-driving apparatus 11A as described above. 

The valve-driving system 10 of this embodiment includes 
several features in addition to the basic structure for driving 
the intake valve 4 and the exhaust valve 5. Such features will 
be explained below. Various mechanisms or structures of the 
intake-side valve-driving apparatus 11A are also provided in 
the exhaust-side valve-driving apparatus 11B and perform the 
same effects as those of the valve-driving apparatus 11A unless 
otherwise specified . 

(Concerning torque fluctuation suppressing mechanism) 

As shown in FIGS. 8 and 9, the valve-driving apparatus 
11A is provided with a torque fluctuation suppressing mechanism 
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40 . The torque fluctuation suppressing mechanism 40 is provided 
because the cam shaft 14A is independent (i.e., the cam shaft 
14A is partitioned) for each cylinder 2. If the nose section 
21a of the cam21A is pushed by reaction force caused by compression 
of the valve spring 23 (such force is referred to as compression 
reaction force, hereinafter) , a torque is applied to the cam 
shaft 14A. In a general multi-cylinder internal combustion 
engine in which one cam shaft is commonly used between the 
cylinders, the single cam shaft is provided with cams, and the 
noses of the cams are deviated from one another in the 
circumferential direction. Therefore, torques acting on the 
cam shafts via the cams are cancelled and the fluctuation in 
torque is suppressed. However, since the cam shaft 14A is divided 
for each cylinder 2 in the valve-driving apparatus 11A, the 
variation in torque which is input to the cam 21A of any of the 
cylinders 2 cannot be cancelled by a torque which is input to 
the cam 21A of another cylinder 2. Thus, each valve-driving 
apparatus 11A is provided with the torque fluctuation suppressing 
mechanism 40 . 

The torque fluctuation suppressing mechanism 40 includes 
an opposed phase cam 41 and a torque-applying apparatus 42. The 
opposed phase cam 41 is supported by the intermediate shaft 43 
coaxially with the intermediate gear 19 , and can rotate integrally 
with the intermediate gear 19. An outer periphery surface of 
the opposed phase cam 41 is formed into a cam surface. The cam 
surface is formed with an arc section 41a which draws an arc 
coaxial with the axis of the intermediate shaft 43, and a recess 
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41b which is recessed toward the center from the arc section 
41a. 

The torque-applying apparatus 42 includes a housing 44 
which is opposed to the outer periphery surface of the opposed 
phase cam 41, a lifter 45 accommodated in the housing 44 in a 
state in which the lifter 45 can project from the housing 44 
toward the opposed phase cam 41 , and a spring 46 which is compressed 
between the lifter 45 and the housing 44 to push the lifter 45 
against the outer periphery surface of the opposed phase cam 
41 . The housing 44 is fixed to a cap 47 which rotatably supports 
the intermediate shaft 43. If a tip end of the lifter 45 is 
pushed against a slant of the recess 41b of the opposed phase 
cam 41 by a force of the spring 46, a torque in the same direction 
as or opposite direction from the driving direction of the 
intermediate gear 19 by the motor 12 is applied to the opposed 
phase cam 41. 

As shown in FIG. 9, a mounting position of the opposed 
phase cam 41 in the circumferential direction with respect to 
the intermediate shaft 43 is adjusted such that when the lift 
amount of the intake valve 4 becomes maximum, i.e., when the 
nose section 21a of the cam 21 reaches the position shown with 
the solid line in FIG. 9 and gets over the roller follower 34, 
the lifter '45 is fitted into the recess 41b. By setting the 
relation between the phase of the cam 21 and the phase of the 
opposed phase cam 41 in this manner, the fluctuation of the driving 
torque of the cam shaft 14A generated by the compression reaction 
force of the valve spring 23 can be suppressed by a torque applied 
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from the torque-applying apparatus 42 to the opposed phase cam 
41. This point will be explained referring to FIG. 10. 

FIG. 10 shows changes in magnitude and direction of torque 
applied from the valve spring 23 and the torque fluctuation 
suppressing mechanism 40 to the cam shaft 14A when the lateral 
axis shows the phase of the cam 21A and the vertical axis shows 
torque applied to an appropriate member on a driving path from 
the motor 12 to the cam 21A, e.g., the cam shaft 14A. Here, 
the lateral axis shows that torque=0 , a torque applied into a 
direction opposite from the normal rotation direction of the 
cam shaft 14A (direction of arrow C in FIG. 9) is indicated with 
positive ( + ) ,• and a torque applied into the normal rotation 
direction of the cam shaft 14A is indicated with negative (-) . 
The vertical axis in FIG. 10 shows a position where the maximum 
lift amount is applied to the intake valve 4, and as the position 
is away from the vertical axis rightward, the cam 21A is deviated 
in the normal rotation direction from the position in FIG. 9, 
and as the position is away from the vertical axis leftward, 
the cam 21A is deviated in the reverse rotation direction from 
the position in FIG. 9. 

First, as shown with the solid lines in FIG.' 10, a torque 
applied from the valve spring 23 to the cam shaft 14A is 
substantially 0 at a position where the cam 21A gives the maximum 
lift amount . When the cam 21A is deviated in the reverse rotation 
direction from the position where the maximum lift amount is 
given, the torque has a positive value, and when the cam 21A 
is deviated in the normal rotation direction from the position 
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where the maximum lift amount is given, the torque has a negative 
value. This is because that in a state in which the cam 21A 
is deviated in the reverse rotation direction from the position 
where the maximum lift amount is given, the compression reaction 
force of the valve spring 23 functions to reversely rotate the 
cam 21A, and in a state in which the cam 21A is deviated in the 
normal rotation direction from the position where the maximum 
lift amount is given, the compression reaction force of the valve 
spring 23 functions to normally rotate the cam 21A. 

On the other hand, as shown with broken lines in FIG. 10, 
a torque applied from the opposed phase cam 41 to the cam shaft 
14A is substantially 0 in the vicinity of a position where the 
cam 21A gives the maximum lift amount. When the position is 
deviated in the reverse rotation direction from a position where 
the cam 2 1A gives the maximum lift amount , the torque has a negative 
value, and when the position is deviated in the normal rotation 
direction from the position where the cam 21A gives the maximum 
lift amount, the torque has a positive value. If the lifter 
45 is fitted into the recess 41b in a state in which the cam 
21A is deviated in the reverse rotation direction from the position 
where the cam 21A gives the maximum lift amount, a force of the 
spring 46 pushes the opposed phase cam 41 in a direction 
corresponding to the normal rotation direction of the cam 21A 
(direction of arrow D in FIG. 9) through the lifter 45. If the 
lifter 45 is fitted into the recess 41b in a state in which the 
cam 21A is deviated in the normal rotation direction from the 
position where the cam 21A gives the maximum lift amount, the 
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force of the spring 46 pushes the opposed phase cam 41 in a direction 
corresponding to the reverse rotation direction of the cam 21A 
through the lifter 45. 

In this manner, a torque applied from the valve spring 
23 and a torque applied from the opposed phase cam 41 act in 
the opposite directions. Therefore, the fluctuation in driving 
torque of the cam shaft 14A caused by a reaction force of the 
valve spring 23 can be suppressed by the torque fluctuation 
suppressing mechanism 40 . If the rotation speed of the cam shaft 
14A is increased, the inertia force of each member disposed on 
the driving path of the cam 21A is increased, and fluctuation 
in torque caused by the reaction force of the valve spring 23 
is relatively reduced. On the other hand, in the torque 
fluctuation suppressing mechanism 40, as the rotation speed of 
the cam shaft 14A is increased, the force of the opposed phase 
cam 41 for pushing out the lifter 45 radially outward becomes 
great. With this, a torque applied from the spring 46 to the 
opposed phase cam 41 becomes small, and consistency between this 
torque reduction and reduction in torque applied from the valve 
spring 23 is maintained. In addition, since the vertical 
resistance applied between the lifter 45 and the opposed phase 
cam 41 becomes small, a friction resistance acting between the 
lifter 45 and the opposed phase cam 41 is reduced. 

As explained above, by providing the torque fluctuation 
suppressing mechanism 40, the fluctuation in driving torque of 
the cam shaft 1 4A in each valve-driving apparatus 1 1A is suppressed 
With this, necessary output of the motor 12 is reduced, and the 
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motor 12 can be reduced in both its size and weight. Since two 
motors 12 are provided for each cylinder 2, the effect of the 
torque fluctuation suppressing mechanism 40 is remarkable 
especially when the number of cylinders 2 is increased. If the 
friction resistance generated in the valve-driving apparatus 
11A is reduced at the time of high speed rotation, fuel consumption 
is suppressed. 

The structures of the torque fluctuation suppressing 
mechanism 40 explained above is an example, and various 
modifications can be made. For example, the opposed phase cam 
41 may be provided coaxially with the motor gear 18 or the 
cam-driving gear 20 instead of the intermediate gear 19. What 
is necessary is that a torque can be applied from the torque 
fluctuation suppressing mechanism 40 to any of positions of the 
rotation transmitting path from the motor 12 to the cam shaft 
14A. 

(Concerning supporting structure of cam shaft) 
As shown in FIG. 3, the cam shaft 14A is provided at its 
opposite ends with shaft supporting sections 50 which can rotate 
integrally with the cam 21A. The shaft supporting sections 50 
are fitted into bearings (not shown) , so that the cam shaft 14A 
is rotatably supported on the cylinder head . The shaft supporting 
section 50 is provided at its outer periphery surface with an 
enlarged section 51 which extends over the entire width of the 
shaft supporting section 50, and a reduced section 52 which is 
narrower than the enlarged section 51. 

As shown in FIG. 9, the enlarged section 51 is formed in 
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a predetermined range E which is opposite from the nose section 
21a. The predetermined range E is set to substantially 180° in 
FIG. 9. In case that the enlarged section 51 is provided in 
this manner , when the cam 2 1A moves to a position where the maximum 
lift amount is given to the intake valve 4, a load applied to 
the cam shaft 14A in the direction of arrow G by a reaction force 
of the valve spring 23 is received by a bearing of the cam shaft 
14A through the enlarged section 51 of the shaft supporting section 
50. 

When the enlarged section 51 of the shaft supporting section 
50 of the cam shaft 14A comes into contact with the bearing, 
the contact range becomes greater than that when the reduced 
section 52 comes into contact with the bearing, and a friction 
resistance actingbetween the cam shaft 14Aand its bearing becomes 
greater. On the other hand, as shown in FIG. 10, if the cam 
21A is driven to a position in the vicinity of a position where 
the maximum lift amount is given to the cam 21A, a torque of 
the cam shaft 14A generated by the reaction force of the valve 
spring 23 is varied toward 0 irrespective of the rotation direction 
of the cam 21A. By increasing the friction resistance in 
correspondence with reduction in such a torque, a braking effect 
is generated in the rotation of the cam shaft 14A, and the 
fluctuation in driving torque of the cam shaft 1 4A can be reduced . 

It is possible to adjust the friction resistance between 
the cam shaft 14A and the bearing by changing the friction 
coefficient on a surface of the shaft supporting section 50 instead 
of changing the supporting range (area) of the shaft supporting 
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section 50 . The friction coefficient can be changed by physical 
or chemical surface processing which increases or reduces the 
friction resistance, or by means which fixes members having 
different friction resistance. 

(Concerning adjustment of mass balance of cam shaft) 
As shown in FIG. 9, the cam shaft 14A is formed with an 
oil-supply hole 53 for supplying lubricant oil to the cam 21A. 
The oil-supply hole 53 is eccentric toward the nose section 21a 
of the cam 21A with respect to a rotation center RC of the cam 
shaft 14A. A reason why the oil-supply hole 53 is eccentric 
is as follows. 

In the valve-driving apparatus 11A, since the cam shaft 
14A is independent for each cylinder 2, unbalance of the mass 
of the cam 21A concerning the rotation center RC of the cam shaft 
14A cannot be cancelled by the unbalance of the mass of the cam 
21A of other cylinder 2, and a barycenter of the cam shaft 14A 
cannot be aligned with the rotation center RC . When a weight 
for keeping the balance is mounted on the opposite side from 
the nose section 21a with respect to the rotation center RC, 
the moment of inertia of the entire cam shaft 14A is increased, 
and the necessary output of the motor 12 is increased . Thereupon , 
by decentering the oil-supply hole 53, the unbalance of the mass 
of the cam shaft 14A around the rotation center RC is reduced 
without increasing the moment of inertia. By suppressing the 
unbalance of the mass in this manner, it is possible to reduce 
the necessary output of the motor 12 and to reduce the motor 
12 in its size and weight. 
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The unbalance of the mass of the cam shaft 14A can also 
be realized by means other than the method for decentering the 
oil-supply hole 53. For example, it is possible to correct the 
unbalance of the mass of the cam shaft 14A around the rotation 
center by means of reducing a width of the cam 21A on the side 
of the nose section 21a, or forming a notch in a surface of the 
cam 21A closer to the nose section 21a than the rotation center 
RC of the cam shaft 14A. 

(Concerning installation of negative pressure generating 
apparatus) 

As shown in FIG. 11, one of the valve-driving apparatuses 
11A (it may be the valve-driving apparatus 11B) of the 
valve-driving system 10 is provided with a negative pressure 
generating apparatus 60. The negative pressure generating 
apparatus 60 is suitably used when the internal combustion engine 
1 cannot obtain sufficient negative pressure in the intake system. 
For example, the negative pressure generating apparatus 60 is 
provided when a throttle opening at the time of low speed is 
relatively largely controlled as in a cylinder direct injection 
type internal combustion engine, or when a throttle valve is 
omitted and an amount of intake air is adjusted by controlling 
the lift amount of the intake valve or the like. The negative 
pressure generating apparatus 60 also includes a structure 
suitable for a case in which starting igniting air is charged 
into the cylinder 2 reguired when a force for starting the internal 
combustion engine 1 is obtained by combustion of air-fuel mixture 
in the cylinder 2 without using a starter motor. Details of 



43 



the negative pressure generating apparatus 60 will be explained 
below . 

The negative pressure generating apparatus 60 shown in 
FIG. 11 includes a vacuum pump 61, a clutch 62 and a pump gear 
63. As shown in FIG. 12, a rotating section 61a of the vacuum 
pump 61 is connected to a shaft flange 62a of the electromagnetic 
clutch 62 such that the rotating section 61a rotates integrally 
with the shaft flange 62a. A pump housing 61b of the vacuum 
pump 61 is fixedly supported on the cylinder head of the internal 
combustion engine 1 for example. The pump gear 63 meshes with 
the motor gear 18, and the pump gear 63 can rotate on the shaft 
flange 62a and can move in the axial direction integrally with 
the disk 62b of the electromagnetic clutch 62 . An electromagnetic 
coil 62c and an armature 62d are integrally mounted on the shaft 
flange 62a. If the electromagnetic coil 62c is excited, the 
armature 62dandthe disk 62bare adsorbed, a rotation transmitting 
path from a pump gear 64 to the pump rotating section 61a is 
connected, and the vacuum pump 61 is driven by the motor 12. 

An intake port 61c of the vacuum pump 61 is connected to 
a brake booster 64, and an exhaust port 61d of the vacuum pump 
61 is connected to an accumulator tank 65. Provided in the 
accumulator tank 65 are a relief valve 66 which limits a pressure 
in the tank to a predetermined value or lower, and a pressure 
sensor 67 which detects the pressure in the tank . The accumulator 
tank 65 is connected to the cylinders 2 of the internal combustion 
engine 1 through a control valve 68. A pressure sensor 69 for 
detecting a pressure is also provided in the brake booster 64. 
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According to the negative pressure generating apparatus 
60, when the pressure in the brake booster 64 detected by the 
pressure sensor 69 becomes equal to or higher than a predetermined 
value or when a pressure in the accumulator tank 65 detected 
by the pressure sensor 67 becomes equal to or lower than a 
predetermined value, the electromagnetic clutch 62 is excited 
so that the motor 12 drives the vacuumpump 61 . With this structure , 
a negative pressure in the brake booster 64 can be maintained 
within an appropriate range, and a pressure equal to or higher 
than the predetermined level can be accumulated in the accumulator 
tank 65. If the control valve 68 is opened when the internal 
combustion engine 1 is started, air which is required for starting 
the internal combustion engine 1 can be changed into the cylinders 
2. 

The vacuum pump 61 of the negative pressure generating 
apparatus 6 0 can be driven by either one of the valve-driving 
apparatuses 11A and 11B which constitutes the valve-driving 
system 10. However, if a vacant space in the vicinity of the 
motor 12 is taken into account, it is desirable that the rotation 
is taken out from the motor 12 of the valve-driving apparatus 
11A or 11B disposed on the outermost side with respect to the 
arrangement direction of the cylinders 2 to the vacuum pump 61 
(see FIG. 14) . When the internal combustion engine 1 carries 
out a cylinder cutoff operation in which combustion in one or 
some of the cylinders 2 is paused, it is preferable to provide 
the negative pressure generating apparatus 60 with a 
valve-driving apparatus 11A or 11B corresponding to a cylinder 
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2 whose combustion is not paused. 

According to the negative pressure generating apparatus 
60, since the vacuum pump 61 is driven by the motor 12 which 
drives the intake valve 4 or the exhaust valve 5, there is a 
merit that it is unnecessary to separately provide a driving 
source for generating the negative pressure or charging air into 
the cylinder 2 . Further , since the negative pressure is generated 
and air is charged (or accumulated) through the common vacuum 
pump 61, the number of parts is reduced as compared with a case 
in which these procedures are carried out by another pump 61, 
and a space required for mounting the parts is also reduced. 

A pump for generating a negative pressure and a pump for 
accumulating a pressure in the accumulator tank 66 may be provided 
separately, and these pumps may be driven by the same electric 
motor 12 or different electric motors 12 . A pump may be provided 
for one of purposes of generating a negative pressure and charging 
a pressure into the accumulator tank. 

(Concerning mounting structure of motor) 

As shown in FIG. 13, the motor 12 is mounted on an upper 
surface of an exterior of the head cover 70 of the internal 
combustion engine 1. FIG. 14 is a plan view showing a layout 
of the motor 12 on the head cover 70, and FIG. 15 is a side view 
thereof. In FIG. 14, the lateral direction corresponds to an 
arrangement direction of the cylinders 2. As shown in FIGS. 
14 and 15, the motors 12 of the intake-side and the exhaust-side 
are opposed to each other with ignition coils 71 provided for 
the cylinders 2 on the head cover 70 interposed therebetween. 
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The ignition coil 71 supplies high voltage current to an ignition 
plug (not shown) . Mechanism sections from the cam shafts 14A 
and 14B of the valve-driving apparatuses 11A and 11B to the rocker 
arm 16 are accommodated in the head cover 70. An upper portion 
of the intermediate gear 19 which constitutes the gear train 
15 projects upward from an opening 70a of the head cover 70 and 
meshes with the motor gear 18 of the motor 12. 

As shown in FIG. 15, each motor 12 has a connector 12a 
which establishes electrical connection. The connector 12a is 
mounted to the head cover 7 0 in a state in which the connector 
12a is inclined toward a center of the cylinder 2 with respect 
to a direction oriented directly above of the head cover 70 
(direction of arrow K in FIG. 15) , i.e., toward the ignition 
coil 71 . As shown in FIG . 14 also , each connector 12a is connected 
to a motor bus bar 72 as a wiring member. The motor bus bar 
72 includes an aggregation terminal 72a which is connected to 
an inverter circuit (not shown) for driving the motor, a trunk 
line 72b extending from the aggregation terminal 72a toward a 
center of the head cover 70, a distribution section 72c 
intersecting with the trunk line 72b and extending along the 
arrangement direction of the cylinders 2 between the intake-side 
motors 12 and the exhaust-side motors 12, and branch lines 72d 
extending from the distribution section 72c toward each motor 
12. The trunk line 72b, the distribution section 72c and the 
branch lines 72d are conf iguredby providing copper pattern wiring 
on a substrate having appropriate rigidity. The aggregation 
terminal 72a and the individual terminal 72e (the tip end of 
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each branch lines 72d) are electrically connected by means of 
the pattern wiring. 

After all the motors 12 are mounted on the head cover 70, 
the motor bus bar 72 is mounted on the head cover 70 such that 
tip ends of the branch lines 72d are fitted into the connectors 
12a of the motors 12, thereby electrically connecting the 
aggregation terminal 72a and the connectors 12a of all the motors 
12. By mounting the connector of the wiring from the inverter 
circuit (not shown) to the aggregation terminal 72a , the electric 
connection to the motor 12 is completed. 

As shown in FIG. 13, the internal combustion engine 1 is 
mounted in an engine room 7 3 provided in a front portion of a 
vehicle in a so-called lateral attitude in which the arrangement 
direction of the cylinders 2 coincides with the lateral direction 
of the vehicle . In order to make the motor 12 expose efficiently 
to cooling air taken into the engine room 73 when the vehicle 
runs forward (in direction of arrow H) , the internal combustion 
engine 1 is mounted on the engine room 7 3 in a front-inclining 
state in which the head cover 70 is displaced forward of the 
vehicle than the crank chamber. 

As shown in FIGS. 16 and 17, a water jacket 7 5 is mounted 
on an outer periphery of each motor 12. The water jacket 75 
is formed with a cooling water passage 76. The cooling water 
passage 76 is uniformly formed in the periphery of the motor 
12, its inlet 76a is connected to a cooling water outlet of a 
radiator 74 (see FIG. 13) which absorbs heat from the cooling 
water of the internal combustion engine 1, and an outlet 76b 
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of the cooling water passage 7 6 is connected to a cooling water 
inlet of the internal combustion engine 1. That is, most cooled 
cooling water W after being cooled by the radiator 7 4 and before 
being heated by the internal combustion engine 1 is introduced 
around the motors 12 . With this , the cooling effect of the motor 
12 can be enhanced. As shown in FIG. 17, a fan-driving shaft 
12b which rotates integrally with the output shaft of the motor 
12 projects from a rear end of each motor 12 (opposite to the 
end on which the motor gear 18 is mounted) , and a cooling fan 
77 is mounted on the fan-driving shaft 12b. With this, each 
motor 12 is cooled by the rotation of the motor 12 itself. 

According to this structure, it is possible to suppress 
the temperature rise of the motor 12 caused by heat of the engine 
room 73 and heat of the motor 12 itself, and to reduce the motor 
12 in its size while sufficiently securing the output of the 
motor 12. The motor bus bar 72 is exposed from the head cover 
70, and a distance of the wiring from the aggregation terminal 
72a to the connector 12a of each motor 12 is relatively short. 
Therefore, heat loss and heat generation in the wiring portion 
concerning the motor 12 are suppressed, and the actual output 
of the motor 12 is increased. 

Lubricant oil is supplied to mechanism portions from the 
cam shafts 14A and 14B accommodated in the head cover 70 to the 
intake valve 4 or the exhaust valve 5, and the head cover 70 
functions as a cover which prevents the lubricant from scattering . 
Thus, when the motors 12 are disposed outside the head cover 
70, there is an effect that the motors 12 are protected against 
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the lubricant oil. 

It is necessary to provide the water jacket 75 with an 
opening, a notch or a slit for exposing the connector 12a of 
the motor 12. The cooling water passages 76 of the motors 12 
may be connected to the radiator 74 in series or in parallel. 

Although the valve-driving apparatuses 11A and 11B are 
provided for each cylinder 2 in the above embodiment, the cam 
shafts 14A, 14B may be used commonly between two or more cylinders 
2 in which the opening timings of the intake valve 4 and the 
exhaust valve 5 are not overlapped, and the intake valve 4 and 
the exhaust valve 5 may be driven by the same motor 12. For 
example, in the case of serial four-cylinder internal combustion 
engine 1, the electric motor 12 and the cam shafts 14A, 14B can 
commonly be used between cylinders 2 in which the valve-opening 
timings of the intake valve 4 and the exhaust valve 5 are deviated 
through a crank angle of 360°. 

Each electric motor 12 may not be completely exposed from 
the head cover 71, and a portion of each electric motor 12 may 
be exposed from the head cover 71 . Even with the latter structure 
in which a portion of the motor 12 is exposed, the wiring structure 
utilizing the cooling effect and the bus bar 72 can be applied. 

[Second Embodiment] 

FIGS. 18A and 18B and 19A to 19C show a valve-driving 
apparatus 11C according to the second embodiment of the present 
invention. This valve-driving apparatus 11C drives the intake 
valve 4 or the exhaust valve 5 utilizing a link. An example 
for driving the intake valve 4 will be explained here, but the 
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same structure may be used for driving the exhaust valve 5 . 

The valve-driving apparatus 11C includes the electric 
motor 12 as a driving source, and a power transmission mechanism 

100 which converts the rotation motion of the motor 12 into the 
opening and closing motion of the intake valve 4. The power 
transmission mechanism 100 includes an eccentric plate 101 as 
a rotation member which is rotated by the motor 12, a first link 
103 which is rotatably connected to a connection position which 
is eccentric from the rotation center of the eccentric plate 

101 through a connection pin 102, and a second link 105 which 
is rotatably connected to an upper end of the intake valve 4 
through a connection pin 104. The eccentric plate 101 and the 
first link 103 function as a crank mechanism which converts the 
rotation motion of the motor 12 into reciprocating motion, and 
a combination of the first link 103 and the second link 105 
constitutes a link section. 

The first link 103 is provided at its tip end with a guide 
cylinder 106, and a coil spring 107 and a slider 108 which press 
the coil spring 107 are accommodated in the guide cylinder 106. 
The coil spring 107 is accommodated in the guide cylinder 106 
in a somewhat compressed state such that the slider 108 is pushed 
against an end surface of the guide cylinder 106. A tip end 
of the second link 105 is inserted into the guide cylinder 106 
and is connected to the slider 108. With this structure, the 
power transmission mechanism 100 is constituted as a slider crank 
mechanism which is one of link mechanisms. 

The operation of the valve-driving apparatus 11C will be 
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explained next. First, when a connection position between the 
eccentric plate 101 and the first link 103 is in a reference 
position shown with a phantom line in FIG. 19A, if the intake 
valve 4 comes into intimate contact with the valve seat VS and 
the slider 108 abuts against the upper end in the guide cylinder 
106 , it is possible to push the slider 108 down by the guide 
cylinder 106 and to transmit its movement to the intake valve 
4 through the second link 105 to open the intake valve 4 by rotating 
the eccentric plate 101 from the reference position in the 
clockwise direction in FIGS . 19A, 19B and 19C (direction of arrow 
CW) . The lift amount L of the intake valve 4 from the valve 
seat VS in this case has a correlation with a rotation angle 
9a of the eccentric plate 101 from the reference position, and 
if the rotation angle 0a is increased, the lift amount L is also 
increased as shown in FIG. 19B. 

When the eccentric plate 101 is rotated in the 
counterclockwise direction from the reference position 
(direction of arrow CCW) as shown in FIG. 19C, the slider 108 
is away from the guide cylinder 106 while compressing the coil 
spring 107. Thus, the eccentric plate 101 is rotated in the 
counterclockwise direction (direction of arrow CCW) in a state 
in which the intake valve 4 is held pressed against the valve 
seat VS by a force of the valve spring 23. Such rotation in 
the counterclockwise direction can be continued until a distance 
between the connection pins 102, 104 coincides with a distance 
between the connection pins 102, 104 at the reference position. 
In other words, when the center of the connection pin 102 is 
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moved to a straight line (shown with a dotted line in FIG. 10) 
connecting the rotation center of the eccentric plate 101 and 
a center of the connection pin 104, the distance between the 
connection pins 102, 104 becomes maximum. Therefore, if this 
position is defined as an polar position and the rotation angle 
of the eccentric plate 101 from the polar position to the reference 
position is defined as 0b, the slider 108 slides with respect 
to the guide cylinder 106 until the eccentric plate 101 rotates 
by the equal angle 0b from the polar position in the 
counterclockwise direction, and the intake valve 4 can be held 
in a state in which the intake valve 4 is in intimate contact 
with the valve seat VS by the force of the valve spring 23 (in 
a state in which lift amount L is equal to 0) . It is necessary 
to determine a length of the guide cylinder 106 such that a height 
of the coil spring 107 when the connection pin 102 moves to the 
polar position becomes greater than a solid height of the coil 
spring 107 . 

As apparent from the above description, in the 
valve-driving apparatus 11C shown in FIGS. 18A and 18B and 19A 
to 19C, by reciprocating the eccentric plate 101 by the motor 
12 in a range of 0a in the clockwise direction and in a range 
of 20b in the counterclockwise direction from the reference 
position, it is possible to open and close the intake valve 4 
by the lift amount L corresponding to the rotation angle 0a. 
Further, by changing the rotation speed of the motor 12 when 
the intake valve 4 is opened and closed, the operation angle 
of the intake valve 4 can also be changed. 
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Since there is provided the range in which the motor 12 
is rotated in a state in which the intake valve 4 is held closed 
(range of 9b in leftward and rightward from the polar position) , 
the motor 12 can reciprocate and rotate (swing) in relatively 
wide range. Thus, the sliding speed of a slide portion from 
the eccentric plate 101 to the intake valve 4 (slide portion 
between the bearings of the pins 102, 104 and the slider 108) 
increases, an oil film formation of the slide portion is 
facilitated, and friction and wear are reduced. Therefore, a 
torque which is to be generated by the motor 12 is reduced, and 
it becomes easy to control the speed of the motor 12. 

Although the valve-driving apparatus 11C drives the single 
intake valve 4 in the above explanation, the valve-driving 
apparatus 11C can drive a plurality of intake valves 4 or exhaust 
valves 5 which are associated with the same cylinder 2 . Like 
the valve-driving apparatuses llAand 11B in the first embodiment, 
a plurality of valve-driving apparatuses 11C are used for one 
internal combustion engine 1 for driving the intake valves 4 
or the exhaust valves 5 of different cylinders 2. 

[Third Embodiment] 

FIGS. 20A, 20B and 20C show a valve-driving apparatus 11D 
according to the third embodiment of the present invention . This 
valve-driving apparatus 11D also drives the intake valve 4 or 
the exhaust valve 5 utilizing a link. Here, the valve-driving 
apparatus 11D drives the intake valve 4, but the same structure 
can be employed for driving the exhaust valve 5. In FIGS. 20A, 
20B and 20C, the same members as those of the valve-driving 
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apparatus 11D shown in FIGS. 18A and 18B are designated with 
the same reference signs. 

The valve-driving apparatus 11D shown in FIGS. 20A, 20B 
and 20C includes the electric motor 12 as a driving source, and 
a power transmission mechanism 110 which converts the rotation 
motion of the motor 12 into the opening and closing motion of 
the intake valve 4 . The power transmissionmechanism 110 includes 
the eccentric plate 101 which is rotated by the motor 12 , a first 
link 111 rotatably connected, through a connection pin 102, to 
a connection position which is decentered from a rotation center 
of the eccentric plate 101 , a second link 112 rotatably connected 
to upper ends of the first link 111 and the intake valve 4 through 
the connection pins 114 and 115, a third link 113 whose one end 
is rotatably connected to the second link 112 through a connection 
pin 116 , and a control shaft 118 rotatably connected to the other 
end of the third link 113 through an eccentric pin 117. The 
eccentric plate 101 and the first link 111 function as a crank 
mechanism which converts the rotation motion of the motor 12 
as reciprocating motion. The control shaft 118 is rotated by 
an actuator (not shown) and a position of the control shaft 118 
can be adjusted by an appropriate resolution with respect to 
the circumferential direction. 

In the valve-driving apparatus 11D having the 
above-described structure, in a state in which the control shaft 
118 is held at a constant position with respect to the 
circumferential direction, the intake valve 4 can be 
reciprocatively rotated by continuously rotating the eccentric 
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plate 101 in one direction by the motor 12. As apparent from 
the comparison between FIGS . 20B and 20C , by rotating the control 
shaft 118 and changing the position of the connection pin 116 
through the third link 113 in a state in which the intake valve 
4 is in intimate contact with the valve seat VS, a position of 
the connection pin 114 is changed and a correlation between the 
phase of the connection pin 102 and a distance between the 
connection pin 102 and the connection pin 115 is changed. With 
this, the lift amount of the intake valve 4 can be changed. 

In the example shown in FIGS. 20A, 20B and 20C, the motor 
12 is continuously rotated in one direction , and it is unnecessary 
to switch the rotation direction of the motor 12 and thus, there 
is a merit that the motor 12 can easily be controlled especially 
at the time of high speed rotation. 

The above valve-driving apparatus 11D can also drive a 
plurality of intake valves 4 or exhaust valves 5 correspondingly 
provided on the same cylinder 2. Like the valve-driving 
apparatuses 11A and 11B in the first embodiment, a plurality 
of valve-driving apparatuses 11D are used for one internal 
combustion engine 1 for driving the intake valves 4 or the exhaust 
valves 5 of different cylinders 2. 
[Fourth Embodiment] 

FIGS . 21 and 22 show a valve-dr iving apparatus HE according 
to the fourth embodiment of the present invention. The 
valve-driving apparatus HE drives the intake valve 4 or exhaust 
valve 5 utilizing the cam like the valve-driving apparatuses 
HA and 11B, but is different from them in that a cam shaft 120 
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functions as a portion of an electric motor 121. That is, in 
the valve-driving apparatus HE, a permanent magnet 123 is 
embedded between cams 122, 122 of the cam shaft 120, an 
electromagnetic coil 124 is disposed around the cam shaft 120, 
and an electric motor 121 utilizes the cam shaft 120 as a rotation 
shaft (output shaft) . A structure from the cam 122 to the intake 
valve 4 or exhaust valve 5 is the same as that of a general cam 
type valve-driving apparatus . 

If the cam shaft itself is utilized as a rotation shaft 
of the electric motor, the gear train 15 shown in FIG. 2 can 
be omitted. With this, a space required above the intake valve 
4 and the exhaust valve 5 can be reduced, and the entire height 
of the internal combustion engine including the valve-driving 
apparatus can be prevented from increasing. As shown in FIG. 
23 , the electromagnetic coil 124 may be embedded in the cam shaft 
120, and the permanent magnet 123 may be disposed around the 
outer periphery of the electromagnetic coil 124 to form the 
electric motor 121. 

The present invention is not limited to the embodiments, 
and may be carried out in various modes within its technical 
range. For example, various features concerning the mounting 
structures of the negative pressure generating apparatus and 
electric motor 12 explained in the first embodiment can also 
be applied to the second and third embodiments utilizing the 
link . 

As explained above, according to the valve-driving system 
of the internal combustion engine of the present invention, the 
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intake valves and exhaust valves of the plurality of cylinders 
can independently be opened and closed by the plurality of 
valve-driving apparatuses. Therefore, flexibility of the 
operation characteristics of the valves of each cylinder .can 
be enhanced. Since the rotation motion of the motor is converted 
into the opening and closing motion of the intake valve or exhaust 
valve, it is possible to efficiently drive the intake valve or 
exhaust valve as compared with a case in which a screw mechanism 
is utilized. 
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